The conical shaped pore geometry of nanopipette is mainly defined by the half cone angle and pore diameter. From the SEM image ( Figure S1 ), we can estimate the average half cone angle of the outer surface to be 1.9 o . Therefore, our estimation for the half cone angle, θ=1.6 o , is reasonable.
S2. Surface modification
. Schematic of the anti-His antibody surface modification method Before using the anti-His antibody method, we first tested the amide bond method. The nanopipette was sequentially modified with poly-L-lysine (PLL) and polyacrylic acid (PAA) via electrostatic adsorption. Then the Cyt c proteins were immobilized to PAA through the amide bonds by using NHS-EDC coupling chemistry. Based on the rectification ratio r of the modified nanopipettes, 1 out of 4 nanopipettes was modified. However, the measured ionic current was still not stable in our experimental conditions. We also tested the aldehyde-amino chemistry. In this method, the Cyt c proteins were covalently immobilized to the APTES modified nanopipettes through glutaraldehyde.
Only 1 out of 6 nanopipettes showed satisfied Cyt c immobilization. Therefore, both methods did not work well as the anti-His antibody method. The whole computation domain was discretized into free triangular elements. The following parameters were supplied during simulation;
Parameter Value
Relative permittivity (ε r ) 80 Under the choice of above parameters for EF =2 µm, surface charge density of -4.5 mCm -2 , applied potential of -0.4 V, and 5.5 nm pore radius the simulation was finished in 2 minutes 37 seconds.
The following equation was used to calculate ionic current.
As shown in Table S2 below, we compared the rectification ratio r for three different charge distributions. The 2 µm long charged section FE ( Figure S3a ) is divided into two equal halves. The first half starting from point F is named surface 1 and the second half is named surface 2. 
S4. Noise analysis
We compared the noise properties of ionic currents recorded for the bare and hNgb modified quartz nanopipettes. The noise power spectrum density (PSD) S(f) can be obtained by performing Fast
Fourier Transformations (FFT) of the current time trace (at V = -0.4V) of a nanopore, which were recorded at 250kHz sampling rate with a bandwidth of 100kHz. Figure S4 showed the normalized noise PSDs (S(f)/<I> 2 , where <I> is the average current) for the same nanopipette before and after hNgb functionalization. Here we focused on the noise at low frequency regime (f <100 Hz), which is called the 1/f noise or flicker noise. The origin of this noise is still in debate but is assumed to be related to the fluctuations in the charge carrier and surface charge. 1-3 The normalized S(f) in this frequency regime can be fitted by S(f)/<I> 2 =A/f, where A is the slope of the fitted curve.
As shown in Figure S4 , the normalized noise always increases after hNgb modification. The increase of normalized noise can be attributed to the dynamic fluctuation of the modified proteins, which have been observed in lipid bilayer 4 and Nups proteins 5 modified nanopores. The noise analysis provides additional evidence of the surface modification of the quartz inner surface. Figure S4 . Normalized noise power spectrum for bare pipette (blue) and hNgb modified pipette (red).
S5. Surface Plasmon Resonance (SPR) results
SPR allows real-time and label-free studies of surface chemical modifications and proteinprotein interactions. Here we used SPR results to confirm the proposed surface modification steps (section S2) and to obtain the equilibrium dissociation constant K D of the Cyt c-hNgb interactions.
The SPR system used here is the same as used in previous reports 6, 7 After cleaning with oxygen plasma followed by hydrogen flaming 7 , the gold chip was immersed in 5 mM 2-Aminoethanethiol hydrochloride (Acros Organics) in ethanol overnight at 4 o C to form a selfassembled monolayer (SAM) of cysteamine (CA) on the gold surface, which is analogous to the APTES layer at the quartz pipette surface, with amine terminal groups for aldehyde modification. The modified gold chip was rinsed sequentially using ethanol and DI water, and then dried in Ar flow. We then used SPR to study the real-time chemical modification of gold surface with cysteamine at a flow rate of 0.05 mL/min. As shown in Figure S5a , the baseline changes after the glutaraldehyde (GA, step 2 of Figure S2 ) and anti-His antibody (step 3 of Figure S2 ) modifications,indicate the successful chip surface modification. After the antibody modification, the functionalized chip surface
was treated with 1 M ethanolamine (pH 8.0) to quench excess aldehyde groups. Figure S5b shows the SPR result of the immobilization of His-tagged hNgb onto the antibody surface (step 5 of Figure S2 ).
The hNgb modified surface is quite stable and did not change much even after the flowing of 1 M NaCl solution. Figure S5c shows the typical SPR results when different concentrations of Cyt c were flowed over the hNgb modified surface. After the quasi equilibrium is reached, 25 mM KCl solution was flowed over the chip surface, which could not break Cyt c-hNgb pairs. However, the flow of 1 M NaCl solution could successfully remove Cyt c from the surface, and hNgb surface was regenerated. We determined the K D for the Cyt c -hNgb interactions using equilibrium analysis method. Figure S5d shows the SPR response vs. Cyt c concentrations. The following equation is used to fit the experimental data,
where R is the SPR equilibrium response, R max is fitting parameter representing maximum response, and [A] is the analyte (Cyt c) concentration. We obtained K D value of ~16 µM for the Cyt c-hNgb interactions.
S6: Lysozyme control experiment using SPR
Control experiments were carried out by SPR to study the interactions between Lysozyme (Lsz) and hNgb. As shown in the sensorgrams of Figure S6 , the Lsz-hNgb complex is highly dissociable. with K D =20 µM.
